Introduction
Sigmoid gallstone ileus is a rare complication of cholelithiasis leading to large bowel obstruction. Gallstone ileus, in general, arises in 0.3-0.5% of patients with cholelithiasis [1] and accounts for between 1 and 4% of patients with intestinal obstruction [2, 3] . Many clinicians will have encountered patients with gallstone ileus resulting in small bowel obstruction. The condition most often affects elderly women with multiple co-morbidities. Gallstone ileus generally occurs as a result of a cholecystoenteric fistula between the gallbladder and small bowel, with most enteric fistulae occurring between the duodenum and gallbladder [4] . The commonest sites for stone impaction are the distal ileum and ileo-caecal valve, which together account for 60-85% of cases [3] .
In contrast, sigmoid gallstone ileus arises as a result of either a cholecystocolonic fistula between the gallbladder and large bowel or a stone traversing the ilecolic junction. If the gallstone is unable to pass distally, large bowel obstruction ensues. Gallstone sigmoid ileus accounts for 4% of all gallstone ileus patients [3] . This equates to between 12 and 15 patients per 100,000 of all patients with gallstone disease [1, 3] . The same cohorts of patients are affected as those with gallstone ileus. Colonic pathology with the potential for luminal stricturing such as diverticular disease may increase the likelihood of a stone becoming impacted [5] .
In general, gallbladder fistulae are uncommon. Such findings are identified in 0.9% of biliary tract surgery. Cholecystoduodenal fistulae account for 70% of these while cholecystocolic fistulae make up 10-20% and cholecystogastric fistulae account for the remainder [6] .
At present, in view of its uncommon nature, there are no unified management guidelines to treat sigmoid gallstone ileus. Management strategies are individualized to the patient and managing team and can https://doi.org/10.1016/j.amsu.2018.01.004 Received 13 October 2017; Received in revised form 7 January 2018; Accepted 21 January 2018 range from minimally invasive endoscopy and lithotripsy to a variety of surgical procedures including significant bowel resection or stoma formation. As a result, patient outcomes vary significantly.
Following the successful treatment of an 89 year old female patient with a novel surgical approach after failed trial with endoscopy at our center [7] and two subsequent cases [8] we felt it of benefit to other clinicians and patients to conduct an up-to-date literature review. The aim of this paper is to identify potential trends when managing such patients to help improve patient outcomes.
Methods
A literature search of both EMBASE and Medline was conducted. All papers published in English from year January 2000-September 2017 were included to elucidate current practice. The terms 'gallstone ileus,' 'sigmoid,' 'colon' and 'coleus' were used. The results are demonstrated in Fig. 1 . Hand searches of PubMed and Google Scholar were also included. The work was registered with the research registry (researchregistry3126) and reported in line with PRISMA guidelines [9] .
The literature search generated:
The database search yielded 23 results, whilst hand searches revealed 15 additional papers. Thus, a total of 38 papers were included within our literature review (Table 1 ). All the papers generated from the search were case reports, 2 of which came from a case series (See Table 2 ). The cases reviewed were all published in English between the years 2000-2017. The reports originated from a range of countries including the UK, USA, Turkey, Greece, Belgium and Italy.
Different aspects relating to management were analysed, these included; patient age, patient sex, journal, publication date, stone size, length of symptoms, presenting complaint, was computerized tomography undertaken, first line management, subsequent management, emergency/perforation, comorbidities, length of stay and complications. T-test was used to look for any statistical significance between the male and female cohorts where applicable. Two authors independently reviewed the cases and fed the data into a spreadsheet. If discrepancies arose a 3rd author was utilised to determine the outcome used. Given that the data related to case reports there were no assumptions or simplifications that were required. Where data was not stated it was not included in our review. Reporter bias was considered, however given that the study relates to individual cases this was deemed an inevitable limitation.
Results
Patient demographics are presented in Table 3 . There were nearly three times more female than male patients reported in the literature. Ages ranged from 65 to 94 years, with a mean age of 81.1 years. Duration of symptoms varied from less than a day to a fortnight. The average length of symptoms prior to presentation was 5.31 days and was not significantly different (p-value 0.81) between men and women.
All patients reported were found to have gallstones, with five having had recent episodes of cholecystitis or gallbladder empyema in the preceding months. Diverticulosis was the most commonly found comorbidity, seen in 59% of patients (where co-morbidities were reported). Other comorbidities within this cohort included cardiovascular disease (47%) and cancer (11%). One patient was found to have cholangiocarcinoma with liver metastases during their presentation [10] . Another had previously treated endometrial and breast cancer [11] . A third had endometrial cancer and inoperable oesophageal cancer [12] and another had treated uterine cancer [13] . Other co-morbid conditions are listed in Table 4 .
Patients presented in a variety of manners as documented in Table 5 . 74% of patients presented with symptoms of abdominal pain, [32] [33] [34] [35] [36] [37] [38] [39] whilst 93% of patients had other obstructive symptoms, namely constipation (61%), vomiting (50%) and abdominal distension (26%).
Computed tomography (CT) was the most commonly used modality of investigation and undertaken in all but 4 patients. The majority (n = 31) of stones were found impacted in the sigmoid colon, four were found at the rectosigmoid junction and two in the distal descending colon.
The obstructing gallstones ranged in size from 2.3 cm to 7 cm in their longest dimension. The mean was 4.14 cm, with average stone size found in females the same as in males, demonstrating no statistically significant difference (p value = 0.99). In two cases, the stone size was not documented.
The site of the fistula was found to be cholecystocolonic in the majority of cases (87%) although 5 patients (13%) had a cholecystoduodenal fistula.
Management strategies varied considerably across the papers as highlighted in Fig. 2 and Table 6 . In 61% of cases conservative or nonoperative management was attempted in the first instance. The latter included lithotripsy and endoscopic retrieval. In the single patient where conservative management was attempted, it was unsuccessful and the patient went on to have a sigmoid resection [12] . The team caring for this patient would have preferred to attempt a non-operative endoscopic approach prior to surgery but they did not have the expertise within their institution to do so.
Non-operative management successfully treated 10/38 (26%) patients. Lithotripsy was most efficacious in non-surgical management as it was successful in all 7 patients (100%) as either a first-line or secondline strategy.
Despite concerted attempts at non-operative management in many centers, 74% of patients required surgical intervention to manage their large bowel obstruction or the complications of sigmoid gallstone ileus.
Eight patients (21%) required emergency procedures as a result of either bowel ischaemia [35] or perforation [11, 33, 38, 42, 44] . One perforation was possibly iatrogenic post colonoscopy, although this was not confirmed by the authors [14] . A caecosotomy tube was utilised to decompress the colon (13 cm) prior to colotomy in one patient [42] .
The patient reported by Zielinksi whose large bowel obstruction resolved following lithotripsy required surgical management a day later, relating to concerns of concurrent biliary sepsis [30] . Salemans et al. highlight concurrent surgical procedures over two days having attempted to defunction the patient initially only for clinical deterioration to warrant further intervention [29] .
Despite having the same pathophysiology, the surgical approach elected by the different teams varied considerably as evidenced by Fig. 3 . All colonic perforations were managed surgically with a Hartmann's procedure (n = 6), caecostomy tube was utilised to decompress an impending perforation [42] . The patient with a possible ischaemic segment underwent a transverse loop colostomy having had the stone milked retrograde from the sigmoid colon [35] .
Seven patients were managed with a colostomy as urgent procedures. Two were sigmoid colostomies, one open [37] one laparoscopic • Cancer 4 (11%)
• Diabetes 3 (9%)
• COPD 1 (4%)
• DVT 1 (4%)
• Hypothyroidism 1 (4%) [41] . The other cases did not specify the colostomy site [13, 17, 21, 27, 28] . O'Brien highlights the use of on table flexible sigmoidoscopy and snare with local anaesthesia to perform an enterotomy and simultaneous trephine loop colostomy [28] . Of the patients managed with an enterolithotomy [7, 10, 15, 19, 22, 28, 39, [41] [42] [43] , two underwent laparoscopic mobilization of the sigmoid colon and enterotomy [16, 41] Two were managed with mini-laparotomy and retrograde milking of the gallstone to the caecum with delivery via appendicectomy [7, 22] , a third via caecotomy [43] .
Three patients underwent colonic resections of varying degrees. One had a sigmoid resection [12] . Valeri reports the patient undergoing a total colectomy, ileostomy formation and a contemporaneous cholecystectomy [40] . Patel documents an extended right hemicolectomy, primary anastomosis, proximal ileostomy and fistulectomy being undertaken [36] . Other documented surgery included the successful use of rectal examination with manual evacuation under anaesthesia [8] . Negative diagnostic laparotomy for gallstone ileus resulted in subsequent gallstone sigmoid ileus that eventually resolved spontaneously [8] . One surgical procedure was not specified [15] .
On average patients remained in hospital for 10.8 days post-procedure. Patients who were managed non-operatively had shorter hospital stays than those managed surgically (4 days vs. 12.3 days) although this difference did not reach significance (p value = 0.056). There was a paucity of data to evaluate with only 17 papers stating their discharge timings.
No patients died intra-operatively with all obstructions successfully managed. However, five patients (13.1%) died post-procedure during their admission. Four [10, 29, 33, 36] died following surgical management and one patient after endoscopic lithotripsy [23] .
Of these, one died 6 weeks post emergency Hartmann's procedure from a myocardial infarction after a difficult post-operative period [33] . Vaughan-Shaw et al. do not specify the postoperative timeframe to death. The patient had undergone multiple laparotomies for gallstone ileus and subsequent gallstone sigmoid ileus. Acute renal failure, pulmonary embolus, ongoing sepsis and newly diagnosed malignancy (cholangiocarcinoma) were highlighted [10] . The patient reported by Patel died after 17 days as a result of surgical complications (anastomotic break down and respiratory failure) [36] . The patient had undergone an extended right hemicolectomy with primary anastomosis, formation of ileostomy and repair of the cholecystocolonic fistula. Salemans reports a patient who died in the intensive care unit after 1 day following a second laparotomy in as many days. Faecal peritonitis and a necrotic descending colon were identified during the second surgery [29] . The patient managed non-surgically with lithotripsy, died 7 days later in the intensive care unit from pneumonia [23] .
Discussion
Predictably, patient demographics for sigmoid gallstone ileus are similar to that of the more classical gallstone ileus with elderly women being those most commonly affected. This echoes the fact that the female gender has a compelling association with cholelithiasis, with stone formation twice as likely in women when compared to men [45] .
The incidence of gallstone formation, and by extension its complications, increases with age and escalates markedly after the age of 40 [46] . Despite that, it is of note that the youngest patient included in this review was 65 years old and the average age of patients with gallstone sigmoid ileus was 82 years. This is markedly older than the average patient with gallstone disease. The proposed reason for this may relate to the pathophysiology of cholecystocolonic or cholecystoduodenal fistula formation [47] . They likely evolve sequentially following pericholecystic inflammation associated with cholecystitis leading to the development of adhesions between the gallbladder and the proximal colon or duodenum. Pressure necrosis by the gallstone on the biliary wall causes progressive erosion into the adjacent viscus and the resultant fistula formation. This process requires a significant inflammatory response over a significant duration of time, which may explain the older age at presentation.
The risk of co-morbidities increases as patients advance in age [48] . It is therefore somewhat predictable that a high proportion of the population affected by sigmoid gallstone ileus are affected by other comorbid conditions. Nearly half the cohort (47%) is affected by cardiovascular disease. In addition, it is well recognized that frailty is more prevalent in the older patient [49] . Unsurprisingly, a number of cases state that the care delivered was customized in view of the perceived frailty of the patient [7, 21, 22, 28, 43] .
Colonic diverticulae were evident in nearly two-thirds (59%) of the patients studied which is expected given the prevalence of diverticulosis increase with age [50] . This is of particular relevance to both the aetiology and management of patients with sigmoid gallstone ileus. Stones may become lodged within a narrowed lumen as a result of diverticular scarring, hypertrophy and stricturing. It is reasonable to suggest that other stricturing or lumen-narrowing conditions such as Crohn's disease or colonic malignancy could also result in gallstone sigmoid ileus, although this was not evident in our review.
Previous episodes of diverticulitis can complicate both endoscopic [51] and surgical management [52] as a result of rigid hypertrophy and luminal stenosis in the former and dense adhesions in the latter. This can result in failed stone retrieval, longer procedure times, further interventions and prolonged duration of symptoms. Our review evidences this as non-surgical management options failed in 74% of the patients where attempted. One of the most common reason cited was diverticular disease [7] .
Evidently diverticulosis plays an important role in determining the most appropriate management. Two of the patients that required defunctioning colostomies following unsuccessful endoscopic attempts had severe diverticular disease [17, 21] . Carlsson stated that an obstructing gallstone was left in situ because of patient comorbidities, specifically citing diverticular disease [21] . Two others were managed similarly without diverticulosis. One patient was defunctioned to protect the primary closure of the colotomy whilst the other was due to an irretrievable gallstone [9, 29] .
Stollman et al. state that 67% of the general population has diverticulosis [53] . Given that the average age of our cohort was 81.1 years with the documented presence of diverticulum being 59%, this potentially significant causative factor may be under reported in the case reports analysed.
Abdominal pain and constipation were the most common symptoms reported by patients (74% and 61% respectively) over 5.31 days on average. Duration of presenting symptoms was longer in this cohort when compared to cases of small bowel obstruction secondary to gallstones [44] . We postulate that this delay is a consequence of more intermittent pain in large bowel obstruction and later onset of distressing symptoms such as nausea and vomiting [54] .
Multiple factors including older age, numerous co-morbidities, frailty, delayed presentation, diverticular disease, and the pathophysiology of large bowel obstruction all contributes to the complexities and challenges of managing patients with sigmoid gallstone ileus.
Computerized tomography plays a valuable diagnostic role in patients presenting with large bowel obstruction [1] . Only 4 patients were managed without utilizing CT [11, 20, 42, 43] . CT scanning enables clinicians to diagnose underlying pathology and plan effectively preintervention. Given that CT is purely diagnostic, it is not a pre-requisite before surgery in the acutely unwell patient but is highly recommended. 
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The average size of obstructing gallstone was 4.14 cm. Our review failed to demonstrate a correlation between size of obstructing stone and the success of non-operative management. Success appears multifactorial with comorbidities; luminal narrowing, a centers expertise and a patient's clinical state all playing roles.
Conservative management of large bowel obstruction caused by a gallstone appears dubious as a successful management strategy. The finding that many of the patients had delayed presentations with no resolution of symptoms supports this. Only one case utilised a solely conservative (non-invasive) approach that proved successful [12] . Our cohort represents only reported cases; consequently determining the effectiveness of this strategy is difficult given the paucity of data of conservatively managed patients.
Non-surgical management proved a popular first-line strategy with endoscopic snare or basket retrieval and lithotripsy being utilised. Despite 62% of centers using this approach initially, an overall success rate of 23% highlights a discernible discrepancy in outcomes. Such procedures are not without their own risks as evidenced by one patient, who incurred a likely iatrogenic perforation secondary to colonoscopy [14] .
High prevalence of diverticular disease, elderly age and the acute nature of these presentations all predispose patients to a greater risk of perforation [55] . However, where expertise and equipment are available, endoscopy and lithotripsy do appear useful adjuncts.
Operative management varied considerably between patients with no consensus in surgery demonstrated. Twenty-nine patients underwent surgical interventions in total.
The use of minimally invasive surgical approaches either as a primary procedure or following failed endoscopic efforts proved successful. Less invasive approaches infer a number of benefits including reduction in scarring, decreased post-operative pain and shorter hospitals stays [56] . This group of patients made uneventful recoveries within our review.
Laparoscopic surgical management is reported as a successful treatment strategy in gallstone sigmoid ileus [16, 41] . Although a common elective surgical modality in gallstone disease it appears less utilised when managing the cohort analysed. A number of factors may account for this. A quarter of surgical interventions were as acute emergencies requiring immediate intervention. Elderly patients are more likely to have had previous surgery, consequently adhesions may factor in pre-operative planning. In addition, surgical skillset, facilities and competency vary around the world. Given that some stones measured up to 7 cm in diameter, laparoscopic retrieval compared to modified laparotomy may only complicate and lengthen a potentially difficult operation.
Some centers opted for extensive surgery as first line management or during the acute presentation with varying results [12, 29, 36, 40] . The extensive surgery reported by Patel offers an insight into some of the surgery being undertaken, the operation included an extended right hemicolectomy, takedown of the cholecystocolic fistula, cholecystectomy and primary anastomosis. This patient ultimately required a second laparotomy with end-colostomy formation following anastomotic breakdown, and subsequently died [36] .
Vaughan-Shaw highlights the need to consider concurrent stones and whether early treatment of stones other than the obstructing one should be undertaken. Laparotomy and longitudinal enterolithotomy resulted in successful stone extraction initially. However, four months later the patient represented with bowel obstruction attributed to an incisional hernia. Despite hernia repair, symptoms failed to resolve. A second enterolithotomy (3rd operative intervention) followed, however the patient ultimately died [10] .
In the acutely unwell patient following colonic perforation, Hartmann's procedure was performed for all patients [11, 14, 33, 34, 38, 44] . Hartmann's procedure minimizes the risk of leakage and enables effective diversion of faecal matter in a time efficient manner.
Large bowel obstruction in the elderly is known to carry a high postoperative mortality [57] . Given the fragility of such patients, the associated complications of complex surgery and anaesthesia may push already low reserves to their limits. Authors highlighted this along with multiple comorbidities and anaesthetic concerns regarding lengthy operations as major reasons for not undertaking fistula repair or cholecystectomy in the majority of patients [7, 8, 10] .
The patients who died after surgery either underwent multiple laparotomies or had significant bowel resection. Such procedures require long combined anaesthetic times which may have been a contributing factor in the patients' demises post procedure [58] .
Although not statistically significant, patients successfully treated non-surgically returned home 8 days sooner than those who underwent surgery. This is unsurprising as one would expect non-surgical patients to have less pain, require less invasive monitoring and mobilise earlier than their counterparts.
Given that many patients had significant comorbidities and were known to have cholelithiasis, determining whether earlier cholecystectomy should have been undertaken is difficult. Undergoing cholecystectomy is not without risk and carries it's own associated morbidities and mortality [59] . Girard et al. document a mortality rate of 2.5% and complication rate of 13.8% following elective open cholecystectomy in the over 70 years age group [60] . Nevertheless, there is growing evidence to support the use of laparoscopic cholecystectomy in the elderly [61] .
There are a number of limitations to this study. Firstly, with 38 cases reported over the past 15 years around the world, we have a small sample size with inconsistent reporting of co-morbidities, length of hospital stay and outcomes. Given the nature of the publications assessed (case-reports) the weight of evidence is relatively weak. Additionally, over the timespan included in this review, advancements have been made both in surgical and non-surgical fields. Technique and equipment progression may impact on the outcomes reported.
Key Learning Points:
• Large bowel obstruction in the presence of known cholelithiasis and disease causing luminal narrowing e.g. diverticular disease should raise the possible diagnosis of gallstone sigmoid ileus to clinicians.
• Management of sigmoid gallstone ileus should focus on early stone removal and resolution of large bowel obstruction.
• CT scan plays a valuable role in diagnosis and pre-endoscopic/surgical planning and should be performed expediently.
• Current literature highlights endoscopy and lithotripsy as practical first-line non-operative strategies in stable patients.
• Stone size is not an indicator as to success of non-operative management.
• There should be a low threshold to proceed to surgery should endoscopy/lithotripsy fail.
• Minimally invasive timesaving surgery should be considered given the many co-morbidities and complexity of this patient cohort.
• Attempts to milk the stone distally or proximally should be considered to avoid or limit bowel resection and the associated complications where possible.
• Surgery should not be delayed in the emergency setting (i.e. perforation or ischaemia).
• In the case of multiple large gallstones (> 2 cm) being found within the bowel, efforts should be made to extract these to prevent future complications based on the documented cases
Conclusion
Sigmoid gallstone ileus is a rare potentially life-threatening condition, which often presents insidiously. Early diagnosis and resolution of the obstruction is paramount. There is no management consensus from the literature with regard to conservative or surgical intervention. Current evidence highlights endoscopy and lithotripsy as a practical first-line strategy. However, surgical intervention should not be delayed should non-operative measures fail or in the emergency setting. Given the complexity of such patients, less invasive timesaving surgery appears a useful solution, avoiding bowel resection and associated complications.
This review highlights a condition seldom seen and provides an upto-date insight into the management of gallstone sigmoid ileus from around the world. We are able to infer key learning points; however, given the small numbers assessed more definitive advice would be a step too far. Greater data, particularly with regard to overall outcome and follow up would enable the establishment of more conclusive proposals.
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